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i 
摘 要 
超精密飞切加工技术是一种极具发展潜力的超精密切削加工技术，具有加工
过程易于控制、加工效率高等优点，其加工后的表面即为最终的工件表面。近年
来随着机床加工精度的逐步提高，飞切加工已经能够实现纳米级精度，直接切削
获得表面粗糙度几纳米、面形精度几百纳米的各种平面光学元件。但是飞切运动
形式容易在加工工件表面产生波纹度误差，从而严重影响到光学系统的使用性能。
为此，以飞切加工质量控制为目标，本文着重研究了飞切机床主轴回转精度及其
对刀尖轨迹的影响，揭示了基于加工过程的加工工件表面粗糙度成形机理，分析
了表面微波纹的成因，并基于支持向量机实现了加工表面粗糙度的预测。研究的
主要工作包括以下几个部分： 
1、研究了主轴回转误差测试原理及评价方法，搭建了主轴回转误差在线测
试系统，利用安装在主轴末端的五通道电容微位移传感器，实现在不干扰加工的
情况下对主轴回转误差进行了测试分析，使用传递矩阵法，计算由于主轴回转运
动误差引起的刀尖运动轨迹误差。 
2、利用搭建的测试系统，对不同转速下主轴回转运动误差进行测试研究，
获得了不同转速下的机床主轴动态误差情况，测试结果表明，机床主轴回转运动
重复性较差，误差较大。另外，在转频两边存在显著的误差信号。对刀尖轨迹建
模研究，表明刀尖轨迹空间振动较为剧烈，端面误差数值较大。 
3、建立飞切加工表面成形模型，研究飞切表面微波纹产生机理，分析主轴
轴向、径向以及倾角误差对加工工件表面微波纹的影响，理论及实验研究表明刀
尖轨迹异步误差是造成加工表面周期性微波纹的根本原因。 
4、建立了基于支持向量机的表面粗糙度预测模型，利用加工过程的声发射
信号和加工工艺参数预测加工工件表面粗糙度，预测结果和实际测试结果具有较
好的一致性，从而实现了再加工过程中对加工质量的在线评价。 
 
关键词：飞切加工；主轴回转误差；表面粗糙度；微波纹；支持向量机 
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Abstract 
As a kind of ultra-precision machining technology with great potential, 
fly-cutting is always used in the final processing of optical surface especially for some 
kind of easy deliquescence crystal optical materials for the benefit of easy to control 
and high efficiency. With the improvement of the machining accuracy in recent years, 
fly-cutting entered the field of nanoscale machining which can directly process the 
surface roughness of a few nanometers, the surface figure accuracy of a few hundred 
nanometers. The fly-cutting is a typical intermittent machining process which can be 
easily results to the waviness on the machined surface along the feed direction, thus 
degrade optical performances significantly. Therefore, in order to control the 
processing surface, the spindle motion error is researched and the spindle motion error 
is transformed to tool-tip motion error, the surface generation formation mechanism is 
analyzed. Then the influences of tool-tip motion error on surface generation are 
studied in three-dimensional rectangular coordinate system. Finally a predicting 
model based on support vector machine (SVM) is proposed to predict the machined 
surface quality. The major research efforts are as follows: 
1、The testing principle and evaluate method of spindle motion error is studied. 
An on-line testing system with five displacement sensors mounted at the end of the 
spindle is established to acquire the spindle motion error without interference the 
machining process. A comprehensive error model is proposed to deduce the tool-tip 
motion error from the spindle motion error,  
2、A series experiments are conducted under different spindle speed based on the 
on-line spindle testing system. Testing results shows that the repeat of the spindle 
rotation is poor and the motion errors are relatively big. Moreover there are prominent 
motion errors whose frequency is close to the rotating frequency. The tool-tip location 
transform from spindle motion errors are vibrate intense in space.  
3、Mechanism of surface generation is studied and a surface profiles formation 
model is established to research the reason results to micro-waves on the machined 
surface. Research shows that the asynchronous motion error of tool-tip is the main 
reason of the periodical micro-waves on workpiece surface. 
4、A predicting model based on support vector machine (SVM) is proposed to 
predict the machined surface roughness. The acoustic emission signals acquired 
during the cutting processing and the cutting conditions are used as input vectors. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
超精密飞切加工机床主轴运动特性分析及其对加工质量影响的研究 
iv 
 
Experiment results show that the model can accurately predict the machined surface 
quality.  
Keywords：Fly-cutting; Spindle motion error; Surface roughness; Micro-waves; SVM 
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